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METHOD FOR CORRECTING A PROXIMITY EFFECT, AN EXPOSURE METHOD. A 
MANUFACTURING METHOD OF A SEMICONDUCTOR DEVICE AND A PROXIMITY 

CORRECTION MODULE 

5 

CROSS REFERENCE TO RELATED APPLICATICWS 
This application Is based upon and claims the benefit o£ priority 
frOTi prior Japanese Patent Application P2002-188684 filed on June 27, 
2002; the entire contents of which are Incorporated by reference 
10 herein. 

BACKGROUND OF THE INVENTION 

i 

1. Field of the Invention 

IS The present Invention relates to an electron beam exposure 

method, more particularly to a method for correcting a proxijnlty effect , 
an exposure method using the methodology for correcting a proximity 
effect , a manufacturing method of a seialconductor device and a 
proximity correction module. 

20 2. Description of the Related Art 

Photolithography has been widely used in manufacturing of a 
semiconductor device such as a large scale integrated circuit (LSI) 
because of Its advantages such as process simplicity and low cost. 
Technological innovations in photolithography have been constantly 

25 carried out . In recent years . by shortening a wavelength of a light 
source such as an argon fluoride (ArF) exclmer laser, miniaturization 

1 
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of an element zo a level of 0«1 has been achieved. In an attempt 
to further advance the miniaturization, development of an exposure 
apparatus using a fluorine gas (F^) exclmer laser with a shorter 
wavelength has been undertaken. The exposure apparatus using a 
5 shorter wavelength is expected as a mass production lithography tool 
in response to a 70 nm rule generation. However, there are many 
problems to be solved in order to reeU-ize such exposure apparatus and 
the development period has been prolonged. Consequently, there is 
concern that the development of the exposure apparatus cannot catch 

10 up with the speed of the miniaturization of the semiconductor device. 

As a countermeasure for the above problem / in the field of an 
lectron beam (EB) lithography « it is verified that processing as 
minute as lOnm is possible by use of a narrow electron beam. Prom the 
viewpoint of miniaturization, there seems to be no problem at the moment . 

15 However, regarding a dimensional accuracy of a delineated pattern, 
there is a problem, a so-called "proximity effect, " in which a finished 
size of the pattern varies depending on a pattern area density. 

When an electron beam is irradiated on a substrate for exposure, 
electrons expose a resist film while scattering inside the resist film. 

20 Thereafter, the electrons cause elastic scattering by colliding with 
a substrate material and are reflected. The reflection is called 
bac]cward scattering and the reflected electrons are called 
backseat tered electrons. The backseat tered electrons expose the 
resist by being made incident on the resist again from the substrate. 

25 In this vent, a distribution of energies accumulated in the resist 
film is approximately expressed by the sum of Gaussian distributions 
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as below. 

f(r) - £exp{-rVp^')/PA'n*exp(-rW)/Po'»/(l-^) CD 

5 Here, r is a distance from an electron beam irradiation position, (5^ 
is a forward scattering distance » pp is a backward scattering distance 
and T) is a ratio of a backscattered energy to an irradiation energy - 
The first term in the right side represents the forward scattered 
electrons and the second term in the right side represents a 

10 distribution of the backscattered electrons. 

The problem here is the point that regions other than the 
position irradiated by the electron beam are subjected to exposure 
by the backscattered electrons. In other words, the resist film at 
the position irradiated by the electron beam is exposed not only by 

15 the incident electrons but also by the backscattered electrons in 
subjecting a surrounding pattern to the exposure. As a result, 
energies accumiHated in the resist film are distributed depending on 
a surrounding pattern area density, thus causing a distribution in 
a finished size of a resist pattern after develojMtient . Thxs is called 

20 the proximity effect. 

A backscatter radius is at the same level as the backscattering 
distance When focusing attention on a small region narrower than 
this region , an accumulated energy E^xn the resist due to backscattered 
electrons in the small region is approximately in proportion to a 

25 processing pattern area density u and is expressed as below. 



3 
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Eo = C*T)*a*D (2) 

Here, C Is a constanr and D is an irradiation energy (dose) • 

Therefore, by correcting the dose D in accordance with the 

5 processing pattern area density a, the size of the resist pattern can 
be controlled- The following equation is an example of a dose 
correction equation in the case of a uniform film structure of a 
substrate . 



However, during the EB lithography in an actual LSI 
manufacturing process, there exists an underlying layer having a 
structure of an underlying pattern provided on a silicon (Si) substrate, 

15 Specifically, a material of the underlying pattern differs depending 
on a position of irradiating an electron beam and thus an energy 
intensity distribution of bacKscattered electrons changes depending 
on the material of the underlying pattern. Accordingly, it is 
necessary to correct an incident energy in consideration of ttie 

2D presence of not only a processing pattern but also the underlying 
pattern. Consequently, the earlier correction is performed by use of 
the following equation disclosed In * Journal of Vacuum Science 
Technology" (F. Mural, etal., J. Vac. Sci. Technol. BIO, 3072, 1992). 



10 



D = C/(l/2-Hii*a) 



- (3) 



25 



D ^ C/{l/2-ni*[a-h(T,,/Ti-l)*a*aio]> 



(4) 



4 
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Note that is an underlying pattern area density of an underlying 
layer and is a ratio of a backscattered energy to an incident energy 
of an underlying pattern material • 

However, the correction equation (4) hypothesizes that an area 
5 ratio of a pattern delineated on the underlying pattern among the 
delineating pattern region is equivalent to the underlying pattern 
area density ol^q in a unit region. It is assumed that a processing 
pattern 30 of a pattern area density a as shown in Fig. 1 is escposed 
on a semiconductor substrate having an xinderlying pattern 32 of the 

10 underlying pattern area density a^^ shown in Fig, 2. When the 
pzx)ces5ing patteim 30 overlaps with the underlying pattern 32 , as shown 
in Fig . 3 , the underlying pattern area density for the unit region 
is different from an underlying pattern area density under the 
processing pattern 30 actually exposed on the semiconductor substrate 

15 having the underlying pattern 32- Therefore, by use of the earlier 

correction equation using the underlying pattern area density o^o, a 
sufficient correction accuracy cannot be achieved. 



20 SUMMARY OF THE INVENTION 

A first aspect of the present invention inheres in a method for 
correcting a proximity effect, and includes: classifying an 
underlying pattern of a level underlying a thin film layer? dividing 
a processing pattern to be transferred on the thin film layer into 
25 a first pattern overlapping with the underlying pattern and a second 
pattern which does not overlap with the underlying pattern according 

5 
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to the classified underlying pattern: calculating a pattern area 
density £or the first and second patterns in a unit region; and 
calculating a corrected dose for the processing pattern according 
to the pattern area density. 
5 A second aspect of the present invention inheres in an exposure 

method, and includes; preparing a substrate having a thin film layer 
deposited on a surface of an underlying layer, the underlying layer 
having an underlying pattern; coating a resist film on the thin 
film layer; obtaining a processing pattern configured to delineate 

10 on the resist film, and the underlying pattern; classifying the 
underlying pattern; dividing the processing pattern into a first 
pattern which overlaps with the underlying pattern and a second 
partem which does not overlap with the underlying pattern, 
according to the classified underlying pattern; calculating a 

15 pattern area density for the first and second patterns in a unit 
region; calculating a corrected dose for the processing pattern 
based on the pattern area density; and eacposing the resist film 
by the corrected dose. 

A third aspect of the present invention inheres in a 

20 manufacturing method of a semiconductor device, and includes; 
forming an underlying pattern of an underlying layer on a 
semiconductor substrate; depositing a thin film layer in a surface 
of the underlying layer; coating a resist film on the thin film 
layer; loading the semiconductor substrate on a movable stage of 

25 an electron beam exposure apparatus ; calculating a corrected dose 
by the steps of classifying the underlying pattern, dividing a 
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processing pattern to be delineated on the resist film into an first 
pattern which overlaps with the underlying pattern and a second 
pattern which does not overlap with the underlying pattern according 
to the classified underlying pattern, calculating a pattern area 
5 density for the first and second patterns in a unit region, and 
calculating a corrected dose for the processing pattern based on 
the pattern area density; exposing the resist film by the corrected 
dose ; developing the resist film; and processing the thin film layer 
by use of the developed resist film as a mask and transferring the 

10 processing pattern onto the thin film layer . 

A f oiorth aspect of the present invention inheres in a proximity 
correction module, and includes: an area density calculation unit 
configured to classify an underlying pattern of an underlying layer, 
to divide a processing pattern to be delineated on a thin film layer 

15 formed in a surface of the underlying layer according to the 
classified underlying pattern into a pattern overlapping with the 
underlying pattern and a pattern not overlapping therewith and to 
calculate a pattern area density for each of the divided processing 
patterns in a unit region; an area density map memory configured 

20 to store a position of the unit region and the pattern area density 
of each of the divided processing patterns; and a dose correction 
calculation unit configured to calculate a corrected dose for the 
processing pattern based on the pattern area density. 

25 



BRIEF DESCRIPTION OF DRAWINGS 
7 
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Fig. 1 is a view showing an exan^le of a processing patrem of 
a proximity correction merJiod? 

Fig. 2 is a view showing an example of an underlying pattern 
of the proximity correction method; 
5 Fig. 3 is a view showing an overlap between a processing pattern 

and an underlying pattern of eu:i earlier proximity cozrection method; 

Pig. 4 is a schematic constitutional view of an electron beam 
e^^osure apparatus according to first and second embodiments of the 
present invention; 
10 Fig. 5 is a block diagram of a proximity correction module 

according to the first and second embodiments of the present invention ; 

Fig. 6 is a flowchart used for explaining a proximity correction 
method according to the first embodiment of the present invention; 

Fig, 7 is a view showing an exazrrple of a processing pattern in 
15 an overlap processing pattern extraction processing of the proximity 
correction method according to the first embodiment of the present 
invention; 

Fig. 8 is a view showing an example of an underlying pattern 
in the overlap processing pattern extraction processing of the 
20 proximity correction method according to the first embodiment of the 
present invention; 

Fig. 9 is a view showing an example of an overlap between the 
processing pattern and the underlying pattern in the overlap 
processing pattern extraction processing of the proximity correction 
25 method according to the first embodiment of the present invention; 

Fig, 10 is a view showing an example of a first pattern in the 
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overlap processing pattern extraction processing of trlie proxinLLry 
correction metHod according to rtie first embodlitient of the present 
invention; 

Fig. II is a view showing an example of a second pattern in the 
5 overlap processing pattern extraction processing of the proximity 
correction method according to the first embodiment of the present 
invention; 

Fig. 12 is a view of a semiconductor device manufacturing process 
(No. 1) by use of an exposure method using the proximity correction 
10 method according to the first embodiment of the present invention; 

Fig. 13 is a view of a semiconductor device manufacturing process 
(No. 2) by use of the exposure method using the proximity correction 
method according to the first embodiment of the present invention; 
Fig . 14 is a view of a semiconductor device manufacturing process 
15 (No. 3) by use of the exposiu?e method using the proximity correction 
method according to the first embodiment of the present invention; 

Fig- 15 is a flowchart used for explaining a proxUtiity correction 
method according to a second embodiment of the present invention: 
Fig. 16 is a view showing an example of a processing pattern 
20 in the overlap processing pattern extraction processing of the 
proximity correction method according to the second embodiment of the 
present invention; 

Fig. 17 is a view showing an example of a first xmderlying pattern 
in the overlap processing pattern extraction processing of the 
25 proximity correction method according to the second embodiment of the 
present invention; 
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Fig. 18 is a view showing sai example of a second underlying 
pattern in the overlap processing pattern extraction processing of 
the proximity correction method according to the second embodiment 
of the present invention; 
5 Fig. 19 is a view showing an example of an overlap between the 

processing partem and the first and second underlying patterns in 
the overlap processing pattern extraction processing of the proximity 
correction method according to the second embodiment of the present 
invention; 

10 Fig. 20 is a view showing an example of a first pattern in the 

overlap processing pattern extraction pTOcesslng of the proximity 
correction method according to the second embodiment of the present 
JLnvention: 

Fig. 21 is a view showing an example of another first pattern 
15 In the overlap pirocessing pattern extraction processing of the 
proximity correction method according to the second embodiment of the 
present invention; 

Fig. 22 is a view showing an exanple of a second pattern in the 
overlap processing pattern extraction processing of the proximity 
20 correction method according to the second embodiment of the present 
invention; 

Fig. 23 is a view of a semiconductor device manufacturing process 
(No. 1) by use of an exposiore method using the proximity correction 
method according to the second embodiment of the present Invention ; 
25 Fig . 24 is a view of a semiconductor device manufacturing process 

{No. 2) by use of the exposxire method using the proximity correction 
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method according to the second embodiment: of the present invention; 
and 

Fig . 25 Is a view of a semiconductor device manufacturing process 
(No. 3) by use of the exposure method using the proxlxivlty correction 
5 method according to the second embodiment of the present invention. 

DETAILED DESCRIPTION OP THE INVENTION 
Various anbodlments of the present invention will be described 
10 with reference to the accompanying drawings . It Is to be noted that 
the same or similar reference numerals are applied to the same or 
similar parts and elements throughout the drawings, and the 
description of the same or similar parts and elements will be csnitted 
or simplified. 

15 

FIRST EMBODIMENT 

As shown in Fig . 4 , an electron beam exposure apparatus according 
to a first embodiment of the present invention performs escposure while 
variably controlling a size of an electron beam EB by use of first 

20 and second shaping aperxures 105 and 108. The electron beam EB 
radiated from an electron gun 101 is adjusted on its current density 
and Koehler illumination condition by first and second condenser 
lenses 103 and 104 and evenly illuminates the first shaping aperture 
105 . An image of this first shaping aperture 105 is formed on the second 

25 shaping aperture 108 by first and second projection lenses 106 and 
107 • In the second shaping aperture 108. a plurality of openings for 

11 
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Shaping the electron beam EB are provided. In accordance with the size 
defined in processing pattern data, the electron beam EB irradiates 
to a position passing through a portion of the openings* 

An irradiation position of the electron beam EB is controlled 
5 in such a manner that a shaping deflection system deflects the electron 
beam EB and thus the beam irradiation position on the second shaping 
aperture 108 is controlled. The shaping deflection system includes: 
a shapdLng deflector 109; a shaping deflection anplifier 120; and a 
pattern data decoder 119 for sending deflection data to the shaping 

10 deflection amplifier 120, 

The electron beam EB passing through the second shaping aperture 
108 is reduced and projected by a reducing lens llo and an objective 
lens 111 and an Image thereof is formed on a semiconductor substrate 
112- Accordingly, the irradiation position of the electron beam EB 

15 is set on the semiconductor substrate 112 by an objective deflector 
113. The objective deflector 113 is controlled by an objective 
deflection amplifier 121 for applying a voltage to the objective 
deflector 113 based on position data sent from the pattern data decoder 
119- 

20 The semiconductor substrate 112 is provided on a movable stage 

116 together with a Faraday cup 114 and a marking table 115 for electron 
beam measurement- By moving the movable stage 116, the semiconductor 
substrate 112, the Faraday cup 114 or the marking table 115 can be 
selected* 

25 In the case of moving the position of the electron beam EB on 

the semiconductor substrate 112, so as to avoid exposure of an 
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unnecessary portion on the semiconductor substrate 112, the electron 
beam EB is deflected by a blanlcing electrode 130 and Is cut by a blanking 
aperture 131. Thus, the electxt>n beam EB is prevented trom reaching 
the semiconductor substrate 112, A deflecting voltage applied to the 
5 blanking electrode 130 is controlled by the blanking amplifier 122 
based on the position data sent from the pattern data decoder 119. 
Between the pattern data decoder 119 and the blanking anplifier 122, 
a proximity corirection module 124 for correcting a proximity effect 
is provided. Delineating control data such as processing partem data 

10 and underlying pattern data are stored in a pattern data memory 118. 

A proximity correction method according to the first embodiment 
of the present invention will be described by use of Figs. 5 to 11- 
Herein, the case where an underlying pattern of a partially different 
material is formed in an exposure region is taken as an example. As 

15 shown in Fig. 5, the proximity correction module 124 includes an area 
density calculation unit 140, an area density map memory 141 and a 
dose correction calculation unit 142 , The proximity correction method 
will be described below in accordance with a flowchart of Fig, 6. 

(a) First, in Step S50. the pattern data decoder 119 reads 

20 stored processing pattern data and underlying pattern data frcxn the 
pattern data memory 118 and outputs the data to the area density 
calculation unit 140 of rhe proximity correction module 124 by breaking 
the data down by a unit region into pattern dimensions and coordinates . 
For example , as shown in Fig . 7 , a processing pattern 30 is positioned 

25 in the center of a unit region and is a rectangle long in a horizontal 
direction of the page. In addition, as shown in Fig. 8, underlying 
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patterns 32a to 32i are squares disposed In a 3 x 3 lattice xnaiuier 
at equal Intervals. 

(b) In Step S51, tne area density calculation unit 140 obtains 
a pattern area for each uiiit region from the pattern dimension and 

5 coordinates of the processing pattern 30. which are obtained from the 
pattern data decoder 119 * Thus, the curea density calculation imit 140 
calculates and creates a pattern area density map of the processing 
pattern 30. 

( c ) In Step S52 , the area density map memory 141 of the proximity 
10 correction module 124 obtains the pattern area density map of the 

processing pattern 30 by the unit region from the area density 
calculation unit 140 and stores the coordinates of the unit region 
as an index- 
ed) Next, in Step S53, the area density calculation unit 140 

15 extracts overlap processing patterns which overlap the tonderlying 
patterns 32a to 321. As shown in Fig. 9 . among the underlying patterns 
32a to 321, the processing pattern 30 overlaps the underlying patrems 
32d to 32f - Thus, as shown in Fig. 10. the underlying patterns 32d 
to 32f are set as overlap processing patterns (first patterns) 33d 

20 to 33f - A region of the processing pattern 30, which does not overlap 
the underlying patterns 32d to 32f , is separated as a separate 
processing pattern (a second pattern) 31. as shown in Fig. 11. 

(e) In Step S54, the area density calculation unit 140 obtains 
a pattern area of the extracted first patterns 33d to 33f from the 

25 pattern dimensions and the coordinates, and calculates a pattern area 
density of the first patterns 33d to 33f . The processing is performed 
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In each unit region and thus pattern area density maps of the first 
patterns 33d to 33f and the second pattern 31, are created - 

(f ) In Step S55, the area density map memory 141 obtains the 
pattern area density map of the first patterns 33d to 33f and the second 

5 pattern 31 from the cirea density calculation unit 140, and stores the 
coordinates of the unit region as an index. 

(g) In Step S56, the dose correction calculation unit 142 of 
the proximity correction module 124 reads the resjjective pattern area 
density maps of the first patterns 33d to 33f and the second pattern 

10 31 from the area density map memory 141 by use of the coordinates of 
the unit region as the index, performs a correction caJLculation and 
thus calculates a corrected dose D. Thereafter, the dose correction 
calculation unit 142 calculates a corrected irradiation time based 
on the calculated corrected dose and outputs a blanking control signal. 

15 (h) In Step S57, the blanking control signal outputted from 

the dose correction calculation unit 142 is subjected to 
digital -analog conversion (DAC) by the blanking amplifier 122 and is 
converted into a voltage applied to the blanking electrode 130 . The 
electron beam EB is deflected by the voltage applied to the blanking 

20 electrode 130 and is cut by the blanking aperture 131. Thus, an 
irradiation time of the electron beam EB reaching the semiconductor 
substrate 112 is controlled. As a result, an exposure of the electron 
beam is controlled. 

Note that the pattern area density map creation processing 

25 described in (a) to (f ) may be performed prior to the delineating 
processing of the electron beam exposure. 
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In the proximity correction method according to the first 
emt^odiment of the present invention. In the underlying patterns 32a 
to 321, the underlying patterns 32d to 32f which overlap the processing 
pattern 30 are extracted to be the first patterns 33d to 33f. The 
5 pattern area density of the first patterns 33d to 33f Is calculated 
and the corrected dose D Is obtained by the following equation. 



10 Here, a is a pattern area density of a processing pattern and C is 
a constant. Moreover, as to a ratio r\ and r\i of a backscattered energy 
of a substrate and of an underlying pattern material to an inradiation 
energy respectively, a value previously obtained empirically or by 
calculation for each underlying patteim is used. 

15 As shown in Figs. 10 and 11, the electron beam exposure is 

performed for the two kinds of processing patterns, which include: 
the first patterns 33d to 33f in Which the underlying patterns 3 2d 
to 32f exist; and the second pattern 31 without the underlying pattern. 
The dose correction equation (5) Is provided in consideration of a 

20 difference between these two Kinds of processing patterns. 
Specifically, the dose correction equation (5) can be rewritten as 
below. 



D = C/{l/2-ni*[a+(Ti,/'n-lj*cCi]} 



(5) 



D/2-»-T]*(a-ai)*D-nr|i*ai*D C 



(6) 



25 



The first term in the left side of the equation (6) means that, v/hen 

16 



2003-06-23 13:44 $g$t^FINNEGAN{DC) 



fie iStlTC-MIYOSI&kilYOSI 



T-618 P.OlS/048- U-947 



a proximity effect is not considered, a half of the irraOiation energy 
Is set to an exposure threshold C. In the second term in the left side, 
the pattern area density ai of the first patterns 33d to 33f is 
subtracted front the pattern area density a of the processing pattern 
5 30 . In other words . the second term expresses the bac)cscattered energy 
generated by subjecting the second pattern 31 to the electron beam 
exposure . The third term expresses the backscattered energy generated 
by subjecting the first patterns 33d to 33f to the electron beam 
ex£>os\n:e. Specifically, the dose correction equation (5) or (6) is 

10 an equation for obtaining the corrected dose D vrtilch sets the sum of 
the energies expressed in the first to the third terms in the equation 
( 6 ) to a constant value , that is , the exposure threshold C , Therefore , 
in the case of delineating by use of the dose D corrected by the dose 
correction equation ( 5 ) ^ energies accumulated in a resist can be kept 

15 constant without depending on the pattern area densities of the 
processing pattern and the underlying pattern . As a result ^ a desired 
resist size is obtained. 

By extracting the underlying pattern directly below the 
processing pattern prior to the correction calculation, it is possible 

20 to provide the accurate correction calculation at a position 
irradiated by the electron beam EB with a difference in a structure 
of the underlying pattern. The extraction processing can be easily 
executed in a short time by a logical production "AND" processing and 
a logical subtraction "MASK" processing in the graphic logic operation, 

25 Moreover, in the correction calculation equation, the pattern area 
density a of the processing pattern and the pattern area density 
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of the first patterns are expressed by a linear connection. 
Consequently, the overlap of the backscattered energies can be 
accurately expressed and thus the proximity correction accuracy can 
be dramatically improved compared to the earlier case* 

5 Note that more accurate proximity correction may be possible 

v^en, in Steps S51 and S54, the area density map is smoothed by use 
of a unit region determined by a backscatteired distance value 
corresponding to each structure of the underlying pattern. For 
example, as the unit region, a half of the backscattered distance 

10 value or less is desirable. In the case of performing exposiore at an 
accelerating voltage 50 kV* tJie backscattered distance of an Si 
subsnraiie, a silicon oxide (SiOj) film, an aluminum (Al) metal film 
or the like is about 10 pim and thus a unit region of 5 |4m square or 
less may be suitable. On the other hand, the backscattered distance 

15 of a heavy metal film such as tungsten (W) is about 5 \m and thus 
a unit region of 2.5 |im square or less may be suitable. 

Next, description will be given of a semiconductor device 
manufacturing process by the electron beam exposure using the 
proximity correction method according to the first embodiment of the 

20 present invention. 

(a) As shown in Fig. 12, on a surface of a semiconductor 
substrate l, an interlayer insulating film 2 of a SiOj film as an 
underlying layer is deposited by a chemical vapor deposition (CVD) 
method* In a part of the interlayer insulating film 2, via holes are 

25 provided by a reactive ion etching (RIE) method and the like. In the 
via holes, plugs 3 made of W as underlying patterns are buried by a 
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sputtering method and the like. After planaxizing a surface of the 
interlayer insulating film 2 by chemical-mechanical polishing (CMP) , 
a conducting film 4 made of Al is formed thereon by sputtering, vacuum 
deposition or the like . On a surface of the conducting film 4 , a resist 
5 film 5 is coated using a spinner and the like. Then, the semiconductor 
substrate 1 is loaded on the movable stage 116 of the electron beam 
exposure apparatus. 

( b ) Based on the processing pattern data and underlying pattern 
data vrfiich are read by the pattern data decoder 119 from the pattern 
10 data memory 118, the proximity correction module 124 obtains the 

respective pattern area densities a and Oi^, Here^ the underlying 
pattern is the plug 3 - Therefore , the unit region of the exposure area 

including the plugs 3. Wliich is the first pattern, is 2.5 urn square 
and the unit region of the area not including the plug 3, which is 

15 the second pattern « is 5 Mm square. C(»npared with the case of 
calculating the entire region as the unit region of a 2.5 square, 
computational complexity is reduced and thus throughput is improved. 
Moreover . as to the ratios ri and 7\j of the backscattered energy to rhe 
Irradiation energy, values of the Si substrate and W, \*ich are 

20 empirically obtained for each iinderlying pattern in advance , are used. 
By the proxlinity correction using these values, the electron beam 
exposure Is performed. "Thereafter, by development processing, as 
shown in Fig. 13. first and second resist patterns 6a and 6b as 
processing patterns, are formed, respectively, in a region not 

25 including the plugs 3 and in a region including the plugs 3 in a lower 
part of the processing layer* 
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(c) By using the first: and second resist patterns 6a and 6b 
as a mask, selective etching of the conducting film 4 is performed 
by the RIE method and the like - Thus , as shown in Fig . 14 . wiring layers 
7a and 7l> are formed. 
5 As described above, according to the electron beam exposure 

method using the proximity correction method of the first embodiment 
of the present invention^ the proximity correction can be peirformed 
in accordance with the underlying patterns of the processing pattern 
region. Thus, the resist pattern can be foimed uniformly with good 
10 reproducxbiliry. 

SECOND EMBODIMENT 

A proximity correction method according to a second embodiment 

of the present Invention Is applied to the case where a processing 
15 pattern has first and second underlying patterns and is characterized 

in a proximity correction equation expressed by a linear connection 

between three kinds of pattern area densities . Points other than the 

above are sdLmilar to those of the first embodiment and thus repetitive 

description will be omitted* 
20 The proximity correction method according to the second 

embodiment of the present Invention will be described with reference 

to Figs. 15 to 22. 

(a) First, In Step S70 of Fig. 15, the pattern data decoder 

119 reads stored processing pattern data and first and second 
25 underlying pattern data from the pattern data memory 118 and outputs 

the data to the area density calculation unit 140 of the proximity 
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correction module 124 by breaking the data down into pattern dimensions 
and coordinates by unit region. For example, as shown in Fig. 16, a 
processing pattern 40 is positioned in the center of a unit region 
and is a rectangle long In a horizontal direction of a page space. 
5 As shown in Fig. 17. the first underlying patterns 42a and 42b are 
squares and positioned in the center of a vertical direction of the 
page space, respectively, at left and right sides of a unit region. 
Moreover, as shown in Fig. 18, the second underlying patterns 44a and 
44b are rectangles long in the vertical direction of the page space 

10 at left and right sides of a unit region. 

(b) In Step S71« the area density calculation unit 140 obtains 
a pattern area for each unit region from the pattern dimension and 
coordinates of the processing pattern 40, which are obtained from the 
pattern data decoder 119. Thus, the area density CcLLcularion unit 140 

15 calculates and creates a pattern area density map of the processing 
pattern 40. In Step S72, the area density map memory 141 of the 
proximity correction module 124 obtains a pattern area density of the 
processing pattern 40 from the area density calculation unit 140- 
Thereaf ter, the area density map memory 141 obtains the pattern area 

20 density map of the processing pattern 40 for each unit region and stores 
the coordinates of the unit region as an index, 

(cj Next, in Step S73, as shown in Fig. 20, the area density 
calculation unit 140 extracts first overlap processing patterns (first 
patterns) 43a and 43b in which the processing pattern 40 and the first 

25 underlying patterns 42a and 42b overlap with each orher. As shown in 
Fig. 19, th first underlying patterns 42a and 42b also overlap with 
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the second lond^lying patterns 44a and 44b. In Step S74,'the axsa 
density calculation unit 140 obtains a pattern area for each imit region 
from a pattern dimension and coordinates of the extracted first 
patterns 43a and 43b and calculates and creates a pattern area density 
5 map. In Step S75, the area density map memory 141 obtains the pattern 
area density znap of the first patterns 43a and 43b for each \3nit region 
from the axea density calculation unit 140 and stores the coordinates 
of the unit region as an index. 

( d) Similarly, in Step S76 , as shown in Pig. 21 , the area density 

10 calculation unit 140 extracts second overlap processing patterns 
(another first patterns) 45a and 45b which are the overlapped area 
of the processing pattern 40 and the second underlying patterns 44a 
and 44b with each other from which regions of the first patterns 43a 
and 43b are removed- In Step S77, the area density calculation unit 

15 140 obtains a pattern area for each xmit region f rcmi a pattern dimension 
and coordinates of the extracted another first patterns 45a and 45b 
and calculates and creates a pattern area density map. In Step S78, 
the area density map memory 141 obtains a pattern area density of the 
another first patterns 45a and 45b from the area density calculation 

20 unit 140. The area density map memory 141 obtains the pattern area 
density map of the another first patterns 45a and 45b for each unit 
region and stores the coordinates of the unit region as an index. A 
region which overlaps with none of the first and second underlying 
patterns 42a, 42b, 44a and 44b is separated as a separate processing 

25 pattern (a second pattern) 41, as shown in Fig. 22. 

( ) In Step S79, the dose correction calculation unit 142 reads 

22 
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the respective pattern area density maps of the second pattern 41, 
the first patterns 43a and 43b and the another first patterns 45a and 
4513 from the area density map memory 141 by use of the coordinates 
of the unit region as the index, performs correction calculations 
5 thereof and thus calculates a corrected dose D. Thereafter, the dose 
correction calculation unit 142 calculates a corrected irradiation 
time from the calculated corrected dose and outputs a blanlclng control 
signal - 

(f ) In Step S80, the blanking control signal outputted frcm 
10 the dose correction calculation unit 142 is subjected to DAC by the 
blanking amplifier 122 and is converted into a voltage applied to the 
blanking electrode 130* The electron beam EB is deflected by the 
voltage applied to the blanking electrode 130 and is cut by the blanking 
aperture 131, Thus, an irradiation time of the electron beam EB 
15 reaching the semiconductor substrate 112 is controlled. As a result, 
an exposure of tb& electron beam Is controlled . 

In the proximity correction method according to the second 
embodiment of the present invention , respective pattern area densities 

Oj and Qa are calculated fran the extracted first and another first 
20 patterns 43a, 43b, 45a and 45b and thus the corrected dose D is obtained 
by the following equation. 

D = C/{l/2+Tl*[a-^(Tll/Tl-l)*a,-l-(Tl2/Tl-l)*Q^]> {7 ) 

25 This dose correction equation (7) can be rewritten as below. 

23 
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D/2-»^*(a-<Xi-a2)*D-t-T|i*ai*D-i-'n2*cx2 D = C (8) 

The firsr term ±n the left side of the equation (8) means that, when 
a proximity effect is not considered, a half of the irradiation energy 
5 is set to an exposiore threshold C , In the second terra in the left side , 
the pattern area density of the first patterns 43a and 43b and the 
pattern area density of the another first patterns 45a and 45b are 
subtracted from the pattern area density a of the processing pattern 
40 . In other words , the second term expresses the backscattered energy 

10 generated by subjecting the second pattern 41 caused by the exposure. 
The third term expresses the backscattered energy generated by 
subjecting the first patterns 43a and 43b caused by the exposure. The 
fourth terra expresses the backscattered energy generated by subjecting 
the another first patterns 45a and 45b caused by the exposure . 

15 Specif ically, the dose correction equation (7) is an eqpiation for 
obtaining the corrected dose D which sets the sura of these energies 
to a constant value, that is. the exposinre threshold C. 

Therefore, in the case of delineatijng by use of the corrected 
dose D according to the proximity correction method of the second 

20 embodiment of the present invention, energies accumulated in a resist 
can be kept constant without depending on the pattern area densities 
of the processing pattern and the underlying patterns. As a result, 
a desired resist size is obtained « The pattern breaking processing 
can be easily executed in a short tune by AND processing and MASK 

25 processing of the graphic logic operation. Moreover, in the 
correction calculation equation (7), the respective pattern area 
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densities a. and glj are expressed by a linear connection. 
Consequently, the overlap of the backscattered energies can be 
accurately expressed and thus the proxinvity correction accuracy can 
be dramatically Improved compared to the earlier case. 
5 Next, description will be given of a semiconductor device 

manufacturing process by the electron beam exposure using the 
proximity correction method according to the second embodiment of the 
present invention. 

(a) As shown in Fig. 23, on the semiconductor substrate 1, 

10 similarly to the manufacturing process shown in Fig. 12 through Fig. 
14, on a surface of first plugs 13 and a first inter layer insulating 
film 12 in which the first plugs 13 are buried, a first wiring layer 
14 is deposited. Then , a second interlayer insulating film 15 in whicA 
the second plugs 16 are buried, are fozmed on the first wiring layer 

15 14. Furthermore, a conducting film 17 is foxmed on a surface of the 
second plugs 16 and the second interlayer insulating film 15. 
Thereafter, a resist film 18 is coated on a surface of the conducting 
film 17. Consequently, the semiconductor substrate 1 is loaded on the 
movable stage 116 of the electron beam exposure device* Here, as 

20 schematically shown in Fig. 23, there exist; an area which does not 
have any plugs as underlying patterns (left side) ; and an area which 
has first underlying patterns including the first plugs 13 and the 
first wiring layer 14 (center); an area which has second underlying 
patterns including the first and second plugs 13 and 16 and the first 

25 wiring layer 14 therebetween (right side} . Prcm Fig. 20 through Fig. 
22 in sequence, the respective areas correspond to the second pattern. 
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•Che first and another first patterns - 

(b) Next, based on the processing pattern data and underlying 
pattern data vrtiich are read by the pattern data decoder 119 from the 
pattern data memory 118 , the proximity correction module 124 obtains 

5 the pattern area densities a, and of the respective pattern regions , 
Here« the first and second underlying patterns include the first and 
second plugs 13 and 16 made of and the like. Therefore, the unit 
region of the escposure region including the first and euiother first 
patterns is 2,5pm square and the unit region of the second pattero 

10 is 5 ^m square . Compared with the case of calculating the entire region 
as the unit region of 2 • 5 ^ square , ccwrputational complexity is reduced 
and thus throughput is improved- Moreover , as to the respective ratios 
Ti, T]i and iri2 of the backscattered energy to the irradiation energy 
corresponding to each area, values empirically obtained for each 

15 underlying pattern in advance are used. By the proximity correction 
using these values / electron beam exposure is performed. Thereafter « 
by development processing, as shown in Fig. 24, first, second and third 
resist patterns 19a, 19b and 19c as processing patterns are formed. 

(c) By using the first, second and third resist patterns 19a, 
20 19b and 19c as a mask, selective etching of the conducting film 17 

is performed by the RIE method and the like. Thus, as shown in Pig, 
25. second wiring layers 20a to 20c are formed. 

As described above, according to the electron beam exposure 
method using the proximity correction method of the second embodiment 
25 of the present invention, the proximity correction can be performed 
in accordance with the underlying patterns of the processing pattern 
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axeas. Thus, the resist pattern can be fozmed unxfomay wltli good 
reproducibility • 

OTHER EMBODIMENTS 

5 In the first and second embodiments of the present invention, 

one or two kinds of structures are described as the underlying pattern. 
However, needless to say, even in the case of further including more 
kinds of the underlying patterns , the proximity correction method is 
applicable similarly by extracting a plurality of overlap processing 
10 patterns and calculating respective pattern area densities. A 
proximity correction equation in this case is obtained as below. 

15 Here . T^^ is a ratio of the bacKscattered e^nerg^r to the irradiation energy 
with respect to the material of the k-th (k= 1 to n) underlying pattern. 
In addition, cx^ is a pattern area density of the k-th overlap processing 
pattern. Moreover, in the foregoing description, the underlying 
patterns include the plugs made of However, the backseat tered 

20 distance is approximately in inverse proportion to an atcmiic mass 
of an underlying material. Thus , needless to say, the above- described 
proximity correction method is also applicable to the case of using 
a heavy metal such as a refractory metal or a con^und thereof. 
Moreover, the backscatrared distance 3^ changes when an underlying 

27 
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layer differs in a thickness, a depth of a position from the surface 
or the like. Thus, needless to say, even when such a structural 
parameter differs, the proximity correction according to the present 
invention is effective. Moreover, the extraction of the overlap 
5 processing patterns can be processed easily in a short time by use 
of a graphic logic operation processing of a computer-aided design 
(CAD) software. Moreover, even in the underlying patterns varying in 
materials, film thicknesses, positions of the inter layer or the like, 
when an energy distribution of backscattered electrons can be assiimed 

10 as being the same, the plural underlying patterns are classified as 
the same structure. Thus, the extraction processing of the overlap 
processing patterns can be simplified and the time required for graphic 
processing can be shortened. 

Various modifications will become possible for those skilled 

15 in the art after receiving the teachings of the present disclosure 
without departing from the scope thereof. 
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